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Introduction

This paper presents design tebles and grephs to sid engineers and designers in the
selection of support spacing for vacuum beam lines and other vecuum pipes. This data
applies to support spacing for thin wall pipes and tubes under a internal vacuum (or open
to atmosphere) and subject to external stmospheric pressure. Data is generated from the
equations for a simply supported thin walled pipe or tube of circular cross section.

These tables and graphs fndicate what the minimum spacing of supports is for a
pipe or tube of & given radius and supply dela for carbon steel, steinless steel, aluminum
and copper materials. The wall thickness of the pipe and tube is limited to 1/10 of the
pipe radius { " ¢« £/10). A thickness of R/10 results in a decrease in the length values
in the attached tables of 10%, wheress & thickness of R/100 results in a decrease in the
length values in the attached tables of 1 8.

Snow loads, wind loads, equipment loads, etc. are not included in the tables and
graphs. This deta is applicable for vacuum pipes or tubes under its own static dead weight.

Criteri E ]

The basic loadings to be considered in the selection of support spacing for vacuum
system pipe or tube runs is the weight of the pipe or tube (not including the weight of the
fittings and valves) and what deflection or stress is accepteble. The moments and reactions
ceused by these Joads can be computed by the law of stalics. The spacing of supports is
governed by: 1) The acceptable deflection of the pipe and 2) The allowable stress in the
pipe.

The worst case is 8 siénply supported beem uniformly loaded. The static equations
that govern the problem are:

M-F[7 r-3wf S-MC
8 F84EI 7

Where  Af = Bending Moment
L = Length of Pipe
¥ = Uniform Load in LBS/IN
£ = Modulus of Elasticity
F = Moment of inertia
S = Bending Stress
C = R Where & = Radius of Pipe
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It can also be shown for a thin walled pipat:5

A-2aRT I - al?r

Where A = Areaof Pipe
& = Radius of Pipe
T = Whall Thickness of Pipe
J = Moment of inertia

&= 3141593
Then
W-VP - 2aRTLP - 2aRTP
L L

Where P = Density of Pipe
¥ = Yolume of Pipe Material

Combining the Above Equations for Deflection:
y-3pLf - u%‘ - 3AY
F84 EI I84 192 B2
Rearranging and Solving for Length:
L-(492 YERC) 14 ( Equation | )
Jr

Combining the Above Equations for Stress:

S -yl - 2 . pr?
87 Jn% R

Rearranging and Sclving for Length:
L-(4SRN72Z ( Equation 2 )
P
Using a computer program the atteched Tables and 8raphs were generated for the following
materiais:

A. Carbon / Stainless Steel { Tabie 1 endGraph 1)
5 =18,750P5l; £=30,006,000PS; P=.284PCl

B. Copper ( Table 2 and Graph 2 )
5= 6,700PSI; £=17,000,000P3|; F=.322PCl

C. Aluminum { Table 3 and Graph 3 )
§= 10,000 PSI; £= 10,000,000 PSI; Z= 100 PCI
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Precautions
The following precautions should be chserved:

}. Tables and Graphs only spply for material ihet has 8 minimum physical
property better than those shown sbove.

2. The pipe is carrying na internal fluid.

3. The pipe has no external load other then its own static dead weight and is not
subject to any dynamic load.

4. The pipe is not subject to any wind, ice or snow loads.

5. No provisions were included for fittings or valves that may cause higher
loadings on the pipe.

6. These Tables and Graphs are for pipes and tubes that are under vacuum {or open
to atmasphere) and subject to external atmospheric pressure.

7. Thickness is limited to 1/10 of the radius ( T << £/10).

les And h

These tables and graphs are intended to give deflection and stress information for
simply supporled Jengths of round pipe and tubes under self weight static condition only.

This data is not intended for pipes end tubes under maximum stress or deflection
condition. Extremely long pipes and tubes should be analyzed in more detsil.
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